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PART I 
Trigonometric parallaxes of the coldest brown dwarfs 
with the Spitzer Space Telescope 
Our current understanding of the solar 
neighborhood is incomplete. 
Janella Williams; Penn State University 
Revised by Davy Kirkpatrick & Peter Eisenhardt 
Distances allow us to probe absolute 
physical properties… 
Dupuy & Liu 2012 Marsh et al. 2013 
… and complete the lowest-mass end of 
the field mass function. 
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Kirkpatrick et al. 2012 
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Spitzer and WISE are ideally suited to 
study brown dwarfs 
Late-type T dwarf Y dwarf 
CH4 bandhead 
Morley et al. 2012 
ch1 W1 ch2 W2 
Is precision astrometry with Spitzer 
possible for these cold brown dwarfs? 
Is precision astrometry with Spitzer 
possible for these cold brown dwarfs? 
N 
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Goals of our Spitzer Parallax Program 
 
•  Measure distances to all T6 and later dwarfs that can not 
be observed from the ground 
•  Measure distances for all known Y dwarfs 
•  Extend the volume-limited sample out to ~20 pc  
 (~10 pc for Y dwarfs) 
 
•  Determine the functional form of the low-mass end of the 
field mass function 
 
IRAC ch2 frames taken at maximum 
parallax factor over baselines > 2 years 
•  Centroids determined 
with APEX, Spitzer-
specific routine 
•  Custom Point Response 
Function 
•  5th order distortion 
correction 
 
Re-registration onto Gaia reference frame 
Martin et al. (in prep) 
We determine positional errors using the 
repeatability of the reference stars 
Martin et al. (in prep) 
Simultaneously fitting for π and µ 
Martin et al. (in prep) 
Removing µ shows the parallactic ellipse  
/yr 
/yr 
Martin et al. (in prep) 
π = 154.2 ±3.68 mas, d=6.48 pc 
µα= 961.12±3.23 mas/yr 
µδ= -2215.51±3.95 mas/yr 
Spectroscopic confirmation of 3 new  
T Dwarfs 
Target spectrum 
T8 standard 
T9 standard 
Y0 standard (HST) 
 
 Martin et al. (in prep) 
T8 T8.5 T9.5 
WISE 1318-1758 (T8): d=22pc 
Martin et al. (in prep) 
π = 45.51 ±7.58 mas, d=21.97 pc 
µα= -508.23±7.66 mas/yr 
µδ= -0.26±6.12 mas/yr 
 
 
 
 
WISE 1051-2138 (T8.5): d=20.1pc 
Martin et al. (in prep) 
 
 
 
 
π = 49.81 ±6.63 mas, d=20.1 pc 
µα= 145.67±6.88 mas/yr 
µδ= -160.75±6.39 mas/yr 
WISE 1055-1652 (T9.5): d=13.6pc 
Martin et al. (in prep) 
 
 
 
 
π = 73.45±10.58 mas, d=13.61 pc 
µα= -1002.1±15.0 mas/yr 
µδ= 429.74±11.70 mas/yr 
New parallaxes for 2 known Y dwarfs 
Schneider et al. 2015 
WISE 0825 at 7.25 pc and WISE 1206 at 12.8 pc 
A new Y hiding amongst the T dwarfs? 
Mace et al. 2013 
A new Y hiding amongst the T dwarfs? 
Martin et al. (in prep) Mace et al. 2013 
New Y dwarf at 9.83 pc  
Martin et al. (in prep) 
π = 101.74 ±4.59 mas, d=9.83 pc 
µα= -248.73±4.72 mas/yr 
µδ= -1211.74±5.31 mas/yr 
Updated CMD’s show the sharp decline of NIR 
flux and the increasingly red atmospheres 
Martin et al. (in prep) 
W1828 
W1828 
Tinney et al. 2014 
Absolute mag vs. Spectral Type plots reveal the 
large range in properties for objects with similar 
spectral features and colors 
Martin et al. (in prep) Tinney et al. 2014 
An updated look at the solar neighborhood 
22 pc* 5.83 pc 
11.6 pc 9.9 pc 15.4 pc 6.99 pc 6.01 pc 
16.3 pc 7.32 pc 10.0 pc 7.24 pc 6.52 pc 
13 pc 6.48 pc 11.5 pc 
Martin et al. (in prep) 
* binary 
So what does this mean for the mass 
function? 
T6          T7        T8        T9       Y0       Y1+ 
Future Work 
•  Currently collecting Spitzer Cycle 13 data for our full 
sample of >130 T6 and later dwarfs 
•  A more detailed look at the field mass function 
 
•  Keck/NIRES 1-2.5 um simultaneous R~3000 spectra of Y 
dwarfs– previously unobtainable from the ground 
•  Launch of JWST will herald in a new era of brown dwarf 
science at longer wavelengths! 
PART II 
Upgrading NIRSPEC for the Keck II Telescope 
Overview of upgrade 
1.  Upgrade spectrograph detector to Hawaii-2RG 
•  18 um pixels, 5 um cut-off, much better sensitivity and lower noise 
 
2.  Replace the slit-viewing camera to operate to 5 micron 
•  H2RG detector, new optical design 
 
3.  Replace outdated control electronics and software 
•  No more transputers!  
 
4.  Improve stability of echelle grating turret 
5.  Improve temperature control of main instrument bench 
•  Improve NIRSPEC’s status as a precision RV NIR spectrograph 
Expected Performance of H2RG will 
improve significantly for 1-2.5 um 
Dark current: 
 0.7 e/s to 
<0.01 e/s 
 
Small increase 
in QE 
 
Read noise: 
65 e- CDS, to 
15 e- CDS 
Future BD observations with NIRSPEC 
•  Observe objects up to a magnitude fainter! 
•  Observe more T dwarfs with high-resolution mode 
•  More stable spectrograph = more precise RVs! 
•  Future fiber injection from AO and possible laser comb = 
more precise RVs 
Laser-frequency comb observations 
Yi et al. 2016 (incl. E.C.M.) 
Laser-frequency comb observations 
2017 stability with Soliton Laser 
Comb measured at 200 m/s 
 
Major problem remains instrumental 
instability (temperature fluctuations, 
grating motion) 
 
Laser comb stable within 30 cm/s 
Summary 
SPITZER 
•  Fit astrometric solutions to Spitzer IRAC ch2 data for 21 
late-T and Y dwarfs in the Spitzer Parallax Program 
•  Updated absolute magnitudes show large range of 
properties for Y dwarfs 
•  Paper including NIRSPEC/Keck spectra of newly 
discovered objects and astrometric fits for all targets 
coming soon! 
 
NIRSPEC 
•  Design review passed (Oct 13) and prototyping ongoing! 
•  Estimated commissioning in 2018B Semester! 
